Creel surveys were performed over a three week period in late spring, 2011, in the Lafourche and Calcasieu area estuaries of the Louisiana Gulf Coast. Weights and lengths were measured for black drum (Pogonias cromis), red drum (Sciaenops ocellatus), and spotted seatrout (Cynoscion nebulosus), and relative condition factors were calculated relative to expected weights from the long term (5 year) Louisiana data for each species. A normal relative condition factor is 1.00. The mean relative condition factors in the Lafourche area were black drum, 0.955 ± 0.020; red drum, 0.955 ± 0.011; spotted seatrout, 0.994 ± 0.009. In the Calcasieu area, the mean relative condition factors were black drum, 0.934 ± 0.017; red drum, 0.965 ± 0.014; spotted seatrout, 0.971 ± 0.010. Results suggest that the abundance of primary food sources for black drum and red drum in Lafourche, including oysters and crab, were likely affected by the oil spill and continued to be reduced one year later. Increased harvest of oysters and blue crab in the Calcasieu area (in part to make up for the ban in most of Louisiana) resulted in less food for the black drum and red drum there, also. Spotted seatrout eat mainly shrimp and small fish and showed no significant reduction in relative condition factor in Lafourche and a slight reduction in Calcasieu one year after the oil spill.
Introduction
water column in partially muddy water (Jenkins 2004 ). Silt from rivers or wave action are the cause of the opaque water. Their chin barbels help them locate food in this environment. Larger black drum prefer the saltier water closer to the ocean.
About one-third of the diet of smaller adult black drum is mollusks, while the rest of the diet is made of small fish, invertebrates and shrimp. Larger adult black drum are mostly bottom feeders, and up to two-thirds of their diet consists of oysters, when available (Sutter et al. 1986 ). Most of the rest of their diet is crabs and shrimp, with studies showing some differences with location and availability. Black drum spend a lot of time over oyster beds.
Studies have shown that adult black drum can eat two regular sized oysters or crab per kilogram of their body weight per day (Cave and Cake 1980) . Black drum are known to destroy large quantities of oysters on seed reefs and lease areas in Mississippi and Louisiana (Benson 1982) and there are active research programs to determine methods of reducing this damage (Brown et al. 2006; Brown et al. 2008) .
Red Drum Distribution and Feeding
Red drum are also commonly found in the Calcasieu estuary and the Lafourche area estuaries. Red drum naturally occur along the southern Atlantic and Gulf of Mexico coasts of the United States, including the coasts of Louisiana, Alabama, Mississippi, and Florida. Immature red drum prefer grass marsh areas of bays and estuaries when available. Both younger red drum (3-6 years of age) and bull red drum prefer rocky outcroppings including jetties and manmade structures, such as oil rigs and bridge posts. Around this type of structure, they are found throughout the water column (Matlock 1990 ). Some scientists have observed gradual movement between shallower and deeper areas with the seasons, preferring estuarine environments during summer (Jenkins 2004) . In an early study Pearson (1929) reported that in the winter, young red drum (5-15 cm long) off the Texas Gulf coast would move from shallow coves into deeper bayous, and that larger, young red drum (40-60 cm long) would gradually move from the bayous into deeper bays, returning to the shallower places in the spring. Pearson observed that red drum longer than about 70 cm traveled in schools and were found along the sandy shores as well as the bays of the Gulf of Mexico.
Red drum start to eat their characteristic foods of shrimp, fish and crabs after they are longer than 100 mm which typically occurs six to seven months after hatching (Peters and McMichael 1987) . The red drum uses its senses of sight and touch and its down turned mouth, to locate forage on the bottom through vacuuming or biting the bottom. On the top and middle of the water column, it uses changes in the light to identify things that look like food. Their diet changes some with the seasons due to the relative amount of different foods. They feed on crabs all year; in the spring they have been found to eat more shrimp; in the fall they have been found to eat more menhaden and small bait fish (Scharf and Schlight 2000) .
Spotted Seatrout Distribution and Feeding
Spotted seatrout, also called speckled trout, are commonly found in the Calcasieu estuary and the Lafourche area estuaries. In general, they are numerous throughout the Gulf of Mexico, and they are also found along the Atlantic coast. They spawn in April through July and generally prefer estuarine environments (Jenkins 2004) . They range from deep inland in estuaries into the Gulf up to waters 30 feet deep, though they prefer marshy areas with sea grasses. Studies in several Gulf states showed that most spotted seatrout stay close to one bay system throughout their lives. They swim in schools and move inland to less salty water in the winter and back out to saltier water in the summer months (Johnson and Seaman 1982) .
In general, the spotted seatrout population seems to be thriving in Louisiana. In fact, Louisiana named it the official state saltwater fish in 2001. Also, the Department of Wildlife and Fisheries has made generous catch limits that were 25 speckled trout per person per day at the time of the study (with a few restrictions).
Spotted seatrout are active fish and eat a lot, especially during the summer. Fish under 500 -600 mm (up to 2 years old) eat mostly shrimp (penaeidae) and crustaceans along with a variety of other foods. As they grow larger, their preferences shift to fish. At first, they prefer smaller fish such as silversides and anchovies. As the spotted seatrout continues to grow, it moves to larger prey fish such as menhaden, croakers and mullets. The largest seatrout (above 600 mm) have a strong preference for the largest mullet they can physically eat (Horst 2003) . There are much fewer of these biggest spotted seatrout, and they tend to be more solitary, female, and over 6 years old.
Methods
Creel surveys were performed over a three week period from late May to midJune, 2011. In each of two study areas, anglers were asked for permission to weigh and measure fish from their creels. For reasons described above, the species studied were black drum, red drum, and spotted seatrout.
One study area was the Calcasieu estuary in southwestern Louisiana centered near +29° 56' 45.64 N", -93° 18' 12.84" W and extending approximately 20 km north and south and 10 km east and west from this point, including 2 km into the Gulf of Mexico near Calcasieu pass. Specifically, creel surveys were performed at boat launches at Calcasieu Point, Hebert's Marina, and the Cameron Jetties (referred to as Calcasieu from this point). The other study area was in Lafourche Parish, Louisiana, centered near +29° 15' 10.28"N, -90° 12' 44.24" W and extending approximately 25 km north and south and 15 km east and west and included bayou Lafourche from Golden Meadow, south to the estuaries including Barataria Bay and Timbalier Bay and up to 2 km south of the Gulf Coast (referred to as the Lafourche area from this point). Specifically, creel surveys were performed at Bobby Lynn's Marina and the Port Fourchon public boat launch. The reason for measuring fish from two geographic areas was that the two areas were different distances from the source of the oil spill and fishing closures were different in each area; therefore, the environment might have been affected differently.
Each fish was weighed to the nearest 0.01 kg. The fork length (length from the mouth to the vertex of the fork in the tail) and total length (length from the mouth to the longest point of the tail) of each fish were measured to the nearest 3.2 mm (1/8 inch). A total of 43 black drum (29 from Calcasieu and 14 from Lafourche), 141 red drum (66 from Calcasieu and 75 from Lafourche), and 332 spotted seatrout (138 from Calcasieu and 194 from Lafourche) were measured. Using published weight-length equations for each species for Louisiana waters (Jenkins 2004 ), a relative condition factor was computed for each fish that was measured. The expected weight equations from Jenkins (2004) Weight-length equations for fish have the form, W = aL b , where W is the weight (g), L is the total length (mm), and a and b are values found by fitting to measurement data for a given species of fish. The power b is close to 3 for most species of fish.
Using weight and length data, there are at least three ways to express an overall condition index (Stevenson and Woods 2006) . One is the Fulton condition index, K, in which the power b is defined to be exactly equal to 3, and K is equal to the actual weight of a fish divided by its total length raised to the third power. This method, though common, is not the best choice when a wide range of lengths is included in a sample. Another common way to express the condition of a fish is through the relative weight, which is the actual weight of the fish divided by its expected weight based on a standard weight-length equation. Standard weight equations exist for many species of freshwater fish but not for the saltwater species measured in the present study. Saltwater species tend to have a much wider geographic range, and weight-length relationships developed for the species measured in the present study have shown geographic differences.
A third common way to express condition index for a fish was used in the present study. It is termed the relative condition factor, Kn (LeCren 1951; Sutton et al. 2000) , and is computed as Kn=W/aL b , where W is measured body weight of the fish in question (g), L is total length (mm), and a and b are the parameters from an appropriate reference weight-length equation. A relative condition factor greater than one means the fish weighs more than expected for its length; a relative condition factor less than one means the fish weighs less than expected for its length.
Jenkins (2004) reported both spring and fall weight-length relationships from a long term (5 year) state wide data set. The spring relationships were used here for the reference weight length equations, since these data were from the same season as the samples in the present study. For black drum and spotted seatrout, separate weightlength relationships were published for male and female fish. In this study, the sex of each fish was not recorded. Therefore, the spring relationships for these species were used to develop appropriate combined weight-length relationships.
For black drum and spotted seatrout, length values from 0 to 1000 mm and 0 to 600 mm, respectively, in increments of 10 mm, were entered into a spreadsheet program. The spring weight-length equation for males for each species was used to calculate corresponding length values. In a similar way, the spring weight-length equation for females for each species was used to generate a set of length-weight data points. The data points for male and female fish were combined, and a weight-length relationship was then fit to the combined data set. The resulting equations (Table 1) for black drum and for spotted seatrout were used to compute relative condition factors in the present study. Results A summary of the results is shown in Table 2 . Graphs of relative weight vs. total length are shown in Fig. 1 . The uncertainty in each mean was computed as the standard error of the mean (SEM). The total lengths measured covered the range of mature lengths for these species. Some observations can be made by comparing the condition factors measured for each species of fish and at each location (Fig. 2) . All of the fish had mean (average) relative condition factors that were lower than 1.00. However, if the uncertainty in the mean is considered, the relative condition factor for the spotted seatrout from Lafourche (at 0.994 ± 0.009) is not significantly different from 1.00. The relative condition factor for spotted seatrout from Calcasieu was below normal, at 0.971 ± 0.010. Fig. 1 (top) shows the relative condition factor vs. length for back drum. The specimens available in the Lafourche area estuaries tended to be longer than those in the Calcasieu estuary. Most of the samples from both locations tended to be below the expected weight for Louisiana waters. Fig. 1 (middle) shows the relative condition factor vs. length for red drum. All six of the largest specimens (over 800 mm) for Calcasieu have condition indices below 1.00, but that only four of the six largest specimens in Lafourche have relative condition factors below 1.00. Fig.1 (bottom) shows the relative condition factor vs. length for spotted seatrout, which appears to be more evenly distributed about the value 1.00 than in black drum or red drum.
Fig. 2 Summary of results for mean relative condition factors (and uncertainties in the means) in Lafourche and Calcasieu regions of the Gulf Coast of Louisiana in late May and June, 2011
Fig . 2 summarizes the results of the mean relative condition factor for each of the three species at each of the two study areas. In the Lafourche area black drum, red drum, and spotted seatrout had mean condition factors of 0.955 ± 0.020, 0.955 ± 0.011, and 0.994 ± 0.009, respectively. Smaller uncertainties reflect the effect of larger sample sizes in reducing uncertainty in the mean rather than a narrower distribution. In the Calcasieu Estuary black drum, red drum, and spotted seatrout had mean condition factors of 0.934 ± 0.017, 0.965 ± 0.014, and 0.971 ± 0.010, respectively.
Discussion
As a whole animal bioindicator (Barton et al. 2002) there may be situations where reductions in condition factor reflect environmental stressors other than reduced forage availability, and ruling out other factors is challenging in any given case. In the present study, ruling out the direct effects of oil or dispersants is not possible for samples taken in the Lafourche study area. Nevertheless, in most cases reduced availability of forage is probably a contributing factor to significant reductions in body condition.
The relative condition factors of black drum and red drum were significantly lower than 1.00 in the Lafourche area estuaries. Oysters, which make up a significant part of the food supply of black drum are well known to have been significantly impacted by the oil spill in this area, and it is likely that other mollusks that black drum depend on for food were affected as well. There have been news reports and complaints from crab fishermen about reductions in blue crab harvest by 70-75%, but on the whole reduced availability of these species has not yet been as well documented as the reduction in oyster availability. Anecdotally, the study team did observe many crab traps stacked in disuse on roadsides and in parking lots, and it did seem that crabs were more difficult than usual to obtain from local vendors who complained that the crab population was not making it worthwhile to maintain operational traps south of Leeville. If other decapods with similar life histories to the blue crab were similarly impacted by the oil spill, this might account for the reduced body condition of black drum and red drum in the Lafourche area estuaries.
An earlier study after a much smaller (600 barrels) Barataria Bay oil spill (Roth and Baltz 2009) showed that the population and structure of the benthic decapod community seemed to recover quickly.
In a 2004 study including body condition of contaminated and non-contaminated sites in the Calcasieu estuary, Jenkins (2004) found a condition factor of 1.03 ± 0.02 at the non-contaminated sites and 0.95 ± 0.01 at the contaminated sites using the same reference data but combining species to obtain sample sizes of n=23 at the reference sites and n=122 at the contaminated sites. This suggests that the species measured in the present study are fairly sensitive to environmental stressors, and that in the absence of any stressors, the relative condition factor of these species in the Calcasieu estuary would be expected to be closer to Louisiana as a whole than the findings of the present study. Given that neither the oil nor the dispersants reached the Calcasieu estuary, the observed body condition significantly below 1.00 is most likely due to another cause.
The federal government and state of Louisiana closed the areas around Bayou Lafourche to fishing for months after the oil spill. There were two reasons for this. One reason was to protect people from eating seafood that might be unsafe. The second reason was to protect the species that suffered losses due to the oil spill, so that they could reproduce and return to normal population size faster. To help the oyster fishermen make up for the closures in the Lafourche area, Louisiana opened oyster fishing in Calcasieu, which had not been opened to oyster fishing for several years. Louisiana closed some of the areas one month before the planned closing date because too many oysters were being taken (Louisiana Department of Wildlife and Fisheries 2011).
The fishing management decisions help to explain the results of this study. The food supply for the black drum in Lafourche was most likely affected by the oil spill killing or poisoning forage species including mollusks and crustaceans. The food supply for the black drum in Calcasieu was probably affected by the supply of oysters and crab being decreased by increased harvest pressure. Since the red drum also eat a lot of crab and other decapods that might have been killed as bycatch of increased shrimping pressure, the decreased relative condition factor measured in the present study may have similar causes. However, spotted seatrout eat mostly shrimp and small fish. Since the relative condition factor for spotted seatrout was close to normal one year after the oil spill, it seems that the shrimp and small fish species might not have experienced as significant effects from the oil spill or might have recovered more quickly. It is ironic that increased harvest pressure in an area that remained open, caused in part by large areas of closure, seems to have had at least a large an impact on body condition of the three indicator species a year later than direct effects of the oil spill itself.
Even though the relative condition factor of spotted seatrout in Lafourche did not indicate significant reduction in body condition, it is still possible that growth was reduced or that more sensitive bioindicators will reveal effects of the oil. A research group from the University of Southern Mississippi is also studying spotted seatrout and red drum as bioindicators of the effects of the Deepwater Horizon oil spill using more sensitive techniques (Brewton et al. 2011; Fulford et al. 2011) . The researchers are looking at body size, molecular biomarkers, histology, and growth rings in otoliths. The study is focusing on whether exposure to oil affected the health, growth, and ability to reproduce of these species. The studies are scheduled to be finished by the spring of 2012.
Other possible reasons for reduced body condition should be discussed. Higher stock sizes leading to more intra-specific competition is a possibility. This possibility was not supported by the anecdotal observations of most anglers finding the fishing difficult and area charter boat captains reporting having to travel far and wide and having difficulty finding spotted seatrout and red drum. Another possibility is increased inter-specific competition. Though no formal stock assessments were performed, there is nothing to suggest from either reports of either commercial or recreational fisheries to suggest that any local species of fish was particularly thriving so as to be strongly out competing other species.
It is possible that the lower body condition of breeding size red drum and black drum may impact reproductive success and productivity of these fisheries in future years. Lambert and Dutil found that the decline in condition and energy reserves of cod during several consecutive years may have lowered the productivity of the Northern Gulf of St. Lawrence stock, which combined with overfishing, could have contributed to the collapse of this stock (Lambert and Dutil 1997) . In a study of captive cod, fecundity was found to be significantly lower in groups with lower body condition (Kjesbu et al. 1991) . The gonosomatic index of red drum is correlated with body condition (Overstreet 1983) but it is unclear if fecundity in red drum is greatly reduced by the reduction in body condition reported here. Likewise, little definitive information is known about how the fecundity of black drum relates to body condition (Fitzhugh et al. 1993; Sutter 1986) . Future studies will do well to note whether there are significantly fewer red drum and black drum from the classes of 2010 and 2011.
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